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Abstract
The demographic characteristics of the population of Madrid, with a steady increase in immigrants, from 4.7% in 1998 to 17.4% in 2007,
provide an opportunity to study in depth the transmission of TB. Our aim was to compare two 3-year longitudinal molecular studies of
TB to deﬁne transmission patterns and predictors of clustering. Two prospective population-based molecular and epidemiological stud-
ies (2002–2004 and 2005–2007) of TB patients were conducted in nine urban districts in Madrid using the same methodology. During
the period 2002–2007, 2248 cases of TB were reported, and the incidence decreased from 23.5 per 100 000 in 2002 to 20.8 in 2007
(p <0.001). A total of 1269 isolates were molecularly characterized and included in the study. The comparison between the two periods
showed that the percentage of foreign-born patients among TB cases increased from 36.2% to 45.7% (p <0.001). Furthermore, the per-
centage of clustered cases decreased (36.6% vs. 30.6%; p 0.028), and this decline was associated with a decrease of clustered cases
among men and people under 35 years. We also observed a decrease in cases belonging to clusters containing ‡6 people (14.2% vs.
8.2%; p <0.001), and in cases belonging to mixed clusters containing Spanish-born and foreign-born patients (18.5% vs. 11.1%, p <0.001).
Our molecular epidemiology study provides clues to interpret the decrease in the incidence of TB in a context of steady increase of
immigration. In our region, the decrease in the incidence of TB can be explained predominantly as a result of a decline in recent trans-
mission.
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Introduction
Molecular epidemiology studies over the past two decades
have improved our understanding of tuberculosis (TB) epi-
demiology and biology. The use of molecular methods,
coupled with classical epidemiological approaches, has affor-
ded greater resolution and accuracy in describing both the
local and global epidemiology of TB [1]. Taking into
account the local epidemiology of TB, many authors have
illustrated the usefulness of molecular techniques in the
evaluation of transmission between autochthonous and
immigrant populations [2–8], in the determination of
spread among human immunodeﬁciency virus (HIV)-infected
people [9–11] and in the monitoring of transmission of
drug-resistant strains [12–14].
A previous study conducted in Madrid during 2002–2004,
when the percentage of immigrants censused was 12.2%,
showed that TB transmission was higher in Spanish-born
cases and it was associated mainly with homelessness. This
study also showed that foreign-born patients were much less
likely to be clustered, suggesting a higher percentage of infec-
tion before arriving in Spain, and that TB transmission
between Spanish- and foreign-born populations, caused
mainly by autochthonous strains, was taking place [8].
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The demographic characteristics of the population of
Madrid, with a sustained increase in the percentage of immi-
grants, from 4.7% in 1998 to 17.4% in 2007, and the new
epidemiological scenario associated with a great decrease in
the proportion of TB cases coinfected with HIV [15], pro-
vide an excellent opportunity to study in depth the epidemi-
ology and transmission patterns of TB. The comparison
between two periods when important demographic changes
were taking place can be very useful to understand the fac-
tors that contribute to the incidence of TB and to deﬁne
new strategies to reinforce the TB control programme. The
aim of the present study was to compare two 3-year longitu-
dinal molecular studies of TB in Madrid to deﬁne transmis-
sion patterns and predictors associated with being in a
cluster. We particularly focused on determining whether or
not the increase in cases of tuberculosis among immigrants
in recent years was modifying recent transmission patterns
in Madrid in a scenario with a sustained sharp increase in
immigration.
Methods
Design and study population
Two prospective population-based molecular and epidemio-
logical studies of patients diagnosed with TB were conducted
in nine urban districts in the south of Madrid (Spain) during
2002–2004 and 2005–2007 using the same methodology.
These districts had an ofﬁcial population of 1 459 232 in the
ﬁrst period (12.2% foreign born) and 1 548 761 in the sec-
ond (15.0% foreign born).
For all patients, information was collected using a stan-
dardized protocol. Additional information on HIV status was
obtained by cross-matching the Regional Registry of Tuber-
culosis with the AIDS Regional Registry. All variables were
measured in categories, except for age, which was measured
as a continuous variable.
Microbiology
Primary isolation and culture of mycobacterial isolates were
performed in the two hospitals involved in the study. Suscep-
tibility testing with isoniazid, rifampin, streptomycin and eth-
ambutol was performed using a mycobacterial growth
indicator tube streptomycin-isoniazid-rifampin-ethambutol
system (Becton Dickinson, Sparks, MD, USA). DNA ﬁnger-
printing with the insertion sequence IS6110 was performed
as described previously [16]. Computer-assisted analysis of
IS6110 ﬁngerprints was carried out using Bionumerics 4.0
software (Applied Maths, Kortrijk, Belgium). Supplementary
spoligotyping [17] was performed on all isolates that had £5
copies of IS6110 and shared identical restriction fragment
length polymorphism (RFLP) patterns. Patients were included
in clusters if their RFLP patterns contained (i) ‡6 IS6110
bands in an identical pattern or (ii) £5 identical IS6110 bands
and identical spoligotyping pattern.
Epidemiological investigation
Patients were interviewed and the contact tracing was car-
ried out by the primary healthcare physicians. They sent the
questionnaires to the Regional Registry of TB in Madrid,
where this information was analysed by two epidemiologists
from our research group. For clustered patients, medical
records were reviewed and general practitioners were ques-
tioned in order to obtain supplementary information about
previous exposure to other cases of TB. An epidemiological
link was deﬁned as sharing a residence, place of employment,
social activity or family relationship with a case patient. The
index case of a cluster was deﬁned as the earliest case to
demonstrate symptoms. When such data were not available,
the index case was considered the patient who commenced
treatment earliest.
Statistical analysis
The time-related changes in the incidence of TB were esti-
mated by Poisson regression. In order to identify risk factors
for clustering, univariate analysis was performed using the t-
test for continuous variables and the v2 or the Fisher exact
test for categorical variables. Factors that were signiﬁcantly
associated with clustering were analysed by multiple logistic
regression, using a stepwise approach to identify factors that
were independent predictors of clustering.
Results
During the period 2002–2007, 2248 cases of TB were
reported. In the ﬁrst period (2002–2004) there were 1155
cases (1090 in the general population and 65 cases diagnosed
in prison) and during the second (2005–2007) 1093 cases
(1059 in the general population and 34 cases in prison). The
cases bacteriologically conﬁrmed as culture positive by per-
iod were 887 and 871 (76.8% vs. 79.7%; p 0.11).
In 2002–2007 the incidence of TB decreased 6% (from
23.5 per 100 000 in 2002 to 20.8 in 2007; p for trend
<0.001). This global decrease was associated with a decrease
of 9% among foreign-born men (p for trend <0.001), of 7%
among Spanish-born women (p for trend = 0.004) and of 6%
among Spanish-born men (p for trend = 0.003). The inci-
dence of TB among foreign-born women was stable (p for
trend = 0.89) (Fig. 1).
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Demographic and clinical characterization of the study
population
The isolates from a total of 1269 culture-proven cases were
molecularly characterized and included in the study, 621 in
the ﬁrst period and 648 in the second (70% vs. 74.4%;
p 0.046).
The percentage of foreign-born patients among TB cases
increased from 36.2% to 45.7% (p <0.001). In both periods
the higher percentage of foreign-born individuals was from
South and Central America (56.4% and 56.4%; p 0.93), fol-
lowed by cases from European countries (17.8% and 24.0%;
p 0.10), from the Maghreb region of Africa (14.7% and
10.1%; p 0.41), from sub-Saharan Africa (9.8% and 7.4%;
p 0.43) and from Asia (1.3% and 2.0%; p 0.74). The single
most frequent country of origin was Ecuador (n = 62 in the
ﬁrst period and 49 in the second), followed by Romania (26
and 57 cases), Bolivia (14 and 53 cases), Peru (24 and 40
cases) and Morocco (32 and 27 cases). Information on date
of arrival was available for 301 cases, 124 in the ﬁrst period
and 177 in the second. The percentage of cases diagnosed
within the ﬁrst 2 years of residence decreased from 51.6%
to 32.8% (p 0.002).
The comparison of the sociodemographic risk factors of
TB cases between the two periods showed the decrease of
injection drug users (14.3% vs. 9.4%; p 0.009) and of cases
diagnosed in prison (7.2% vs. 3.5%; p 0.005) (Table 1). In
both periods, foreign-born patients were likely to be younger
than Spanish-born TB patients; in the ﬁrst period the median
age of foreign-born TB patients was 29 years (P25–75, 24–38),
whereas it was 41 years (P25–75, 31–64) in Spanish-born cases
(p <0.001). In the second period the median age of foreign-
born TB patients was 30 years (P25–75, 24–36), whereas it
was 43 years (P25–75, 33–64) in Spanish-born cases
(p <0.001). The proportion of HIV-seropositive TB patients
was signiﬁcantly lower in immigrants (p <0.001 in both
periods) and the same applied regarding injection drug use
(p <0.001 in both periods).
The analysis of resistance data from 569 isolates in the
ﬁrst period and from 628 in the second indicated that resis-
tance did not change over time (Table 1). However, in the
second period the proportion of isoniazid resistance was
higher among the foreign-born patients (9.2 vs. 4.8%; p 0.04)
and the same applied for multidrug resistance (i.e. resistant
to both isoniazid and rifampin) (4.8 vs. 0.9%; p 0.006).
Cluster analysis and factors associated with clustering
Molecular ﬁngerprinting determined that 442 of the 1269
patients (34.8%) were grouped in 110 clusters in the global
6-year period. The percentage of clustered cases decreased
(36.6% in the period 2002–2004 and 30.6% in the period
2005–2007; p 0.028), and this decline was associated with a
decrease in the percentage of clustered cases among men
FIG. 1. Incidence of TB in Madrid per 100 000 population among
Spanish- and foreign-born persons, by sex and year reported.
Madrid, 2002–2007.
TABLE 1. Comparison of sociodemographic risk factors
among Spanish-born and foreign-born TB patients. Periods
2002–2004 and 2005–2007
Period
2002–2004
(n = 621), %
Period
2005–2007
(n = 648), % p-value
Sex male
Global 69.2 64.0 0.06
Spanish-born 70.7 68.5 0.56
Foreign-born 66.7 58.8 0.08
Age <35 yearsa
Global 45.4 46.8 0.67
Spanish-born 33.8 28.7 0.24
Foreign-born 65.8 68.2 0.62
HIV positive
Global 17.7 14.4 0.12
Spanish-born 22.0 19.9 0.54
Foreign-born 10.2 7.8 0.41
Injection drug use
Global 14.3 9.4 0.009
Spanish-born 19.4 14.8 0.11
Foreign-born 5.3 3.0 0.27
Homelessness
Global 7.7 5.7 0.18
Spanish-born 8.1 5.7 0.25
Foreign-born 7.1 5.7 0.65
Localization pulmonary or miliarb
Global 85.8 85.3 0.87
Spanish-born 86.1 82.7 0.23
Foreign-born 85.3 88.5 0.35
TB diagnosed in prison
Global 7.2 3.5 0.005
Spanish-born 9.3 4.8 0.03
Foreign-born 3.6 2.0 0.43
Resistance to any drug
Global 11.4 10.0 0.49
Spanish-born 11.0 8.1 0.23
Foreign-born 12.1 12.3 0.95
Resistance to isoniazid
Global 7.9 6.8 0.55
Spanish-born 7.2 4.8 0.24
Foreign-born 9.2 9.2 0.89
Resistance to isoniacid and rifampin
Global 1.6 2.7 0.26
Spanish-born 1.4 0.9 0.73
Foreign-born 1.9 4.8 0.15
aAge was unknown in 11 cases in the ﬁrst period and in ﬁve cases in the
second.
bLocalization of TB was unknown in eight cases in the ﬁrst period.
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and among people under 35 years of age. The decrease in
the proportion of clustered cases was also associated with a
decline in the number of cases belonging to the largest clus-
ters, containing six or more people, 88 cases (14.2%) in nine
clusters in the ﬁrst period and 53 cases (8.2%) in seven clus-
ters in the second (p <0.001), and with a decrease in the
proportion of cases belonging to mixed clusters containing
Spanish-born and foreign-born patients (18.5% vs. 11.1%,
p <0.001) (Table 2). The percentage of cases included in
multinational clusters (three or more nationalities) also
decreased (5.6% vs. 2.3%; p 0.004).
In both periods, according to the univariate analysis the
characteristics signiﬁcantly associated with clustering were to
be born in Spain, HIV infection and intravenous drug use.
The age of <35 years was associated with clustering in the
period 2002–2004 but not in the period 2005–2007 and the
same occurred with homelessness (Table 3). In the logistic
regression analysis, factors identiﬁed as independent predic-
tors of clustering were for the ﬁrst period homelessness
(OR, 2.3; 95% CI, 1.2 to 4.5; p 0.011) and to be born in
Spain (OR, 1.8; 95% CI, 1.2 to 2.6; p 0.002), and for the sec-
ond only to be born in Spain (OR, 2.1; 95% CI, 1.4 to 3.0;
p <0.001). A separate analysis was performed to evaluate
predictors of clustering in Spanish-born and in foreign-born
patients. Among the Spanish-born the factors that remained
associated with clustering in both periods were age
<35 years and HIV status, and among the foreign-born, only
TABLE 2. Percentage of clustered cases by perioda
Period
2002–2004
(n = 621), %
Period
2005–2007
(n = 648), % p-value
Sex
Male 39.1 31.1 0.018
Female 30.9 29.6 0.86
Age
<35 years 42.9 32.0 0.008
‡35 years 31.7 28.8 0.47
Place of birth
Spanish-born 41.9 37.8 0.28
Foreign-born 27.1 22.0 0.21
HIV status
HIV positive 50.9 43.0 0.33
HIV negative/unknown 33.5 28.5 0.09
Injection drug use
Yes 58.4 49.2 0.80
No/unknown 32.9 28.6 0.14
Size of cluster
2–5 people 22.4 22.4 0.95
‡6 people 14.2 8.2 <0.001
Type of cluster
Only Spanish-born 14.3 13.4 0.68
Only foreign-born 3.7 6.0 0.07
Mixed clusters 18.5 11.1 <0.001
Total 36.6 30.6 0.028
aConsidering each 3-year period separately.
TABLE 3. Characteristics of patients with tuberculosis in Madrid in the period 2005–2007 and their association with cluster
status
All patients
n = 648 %
Clustered cases
n = 198 %
Unique cases
n = 450 %
Odds ratio
(95% CI) p-value
Sex 30.6
Male 415 64.0 129 65.2 286 63.6 1.1 (0.8–1.6) 0.763
Female 233 36.0 69 34.8 164 36.4
Age groupa
<35 303 46.8 97 49.0 206 45.8 1.2 (0.8–1.7) 0.428
‡35 340 52.5 98 49.5 242 53.8
Place of birth
Spain 352 54.3 133 67.2 219 48.7 2.2 (1.5–3.1) <0.001
Foreign-born 296 45.7 65 32.8 231 51.3
HIV status
Positive 93 14.4 40 20.2 53 11.8 1.9 (1.2–3.0) 0.007
Negative/unknown 555 85.6 158 79.8 397 88.2
Injection drug use
Yes 61 9.4 30 15.2 31 6.9 2.4 (1.4–4.3) 0.002
No/unknown 587 90.6 168 84.8 419 93.1
Homelessness
Yes 37 5.7 17 8.6 20 4.4 2.0 (0.97–4.2) 0.056
No/unknown 611 94.3 181 91.4 430 95.6
Localization of TB
Pulmonary or miliary 553 85.3 169 85.4 384 85.3 1.0 (0.6–1.7) 0.909
Extrapulmonary 95 14.7 29 14.6 66 14.7
TB diagnosed in prison
Yes 23 3.5 6 3.0 17 3.8 0.8 (0.3–2.2) 0.808
No 625 96.5 192 97.0 433 96.2
Resistance to any drugb
Yes 44 7.3 11 5.8 33 8.0 0.7 (0.3–1.5) 0.430
No/unknown 560 92.7 179 94.2 381 92.0
Resistance to isoniazidb
No 30 5.0 9 4.7 21 5.1 0.9 (0.4–2.2) 0.980
Unknown 574 95.0 181 95.3 393 94.9
aAge was unknown in ﬁve cases.
bAvailable for 604 clinical isolates. We found three clusters with two, two and three patients resistant.
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homelessness reached statistical signiﬁcance in the period
2005–2007.
We also analysed for immigrants if the pattern of trans-
mission was related to the time in Spain. Among immigrants
with a residence in Spain <2 years the percentage of cluster-
ing decreased from 25% (16/64) in the ﬁrst period to 17.2%
(10/58) in the second (p 0.41). Among immigrants with a res-
idence in Spain >2 years the percentage of clustering
decreased from 25% (15/60) in the ﬁrst period to 23.5% (28/
119) in the second (p 0.97).
Analysis of the TB patients in mixed clusters indicated that
in the ﬁrst period 115 patients (77 Spanish-born and 38 for-
eign-born) were grouped in 21 clusters, and the index case
was a foreign-born patient in 10 (47.6%). We estimated that
5.6% (22/396) of Spanish-born cases were attributed to
recent transmission from foreign-born patients. In the sec-
ond period, 72 patients (46 Spanish-born and 26 foreign-
born) were grouped in 19 mixed clusters, and the index case
was a foreign-born patient in 10 (52.6%). We estimated that
4.5% (16/352) of Spanish-born cases were attributed to
recent transmission from foreign-born patients. In the period
2002–2004 three mixed clusters accounted for 21.1% of
clustered patients and in the period 2005–2007 the three
bigger mixed clusters accounted for 13.1% of clustered
patients. The percentage of cases included in multinational
clusters (three or more nationalities) also decreased (5.6%
vs. 2.3%; p 0.004).
Epidemiological connections were established in the ﬁrst
period for 50 (22.0%) of the 227 clustered TB cases and in
the second period for 39 (19.7%) of the 198 clustered TB
cases (p 0.64). In both periods epidemiological links were
established more frequently in clusters containing only for-
eign-born persons than in others clusters: 43.5% vs. 19.5% in
the ﬁrst period (p 0.02) and 38.5% vs. 15.1% in the second
(p 0.002).
Discussion
Our study shows important differential ﬁndings when we
analysed two consecutive 3-year periods in the epidemiologi-
cal scenario of sustained increase of immigration. From 2000
to 2007, the percentage of foreign citizens residing in Spain
has evolved from ﬁgures much lower than in other European
countries to values much higher than those found in them,
and this fact could inﬂuence the epidemiology of TB [18,19].
In this epidemiological scenario, our study showed that in
spite of this sharp increase in immigration and taking into
account that the TB rates among immigrants were three to
four times higher than the case rate for Spanish-born people,
there was a signiﬁcant decrease in the TB incidence rate
during 2002–2007.
In Madrid, the strategy for controlling TB is similar to other
countries [20], and is based on two priorities: (i) to detect and
treat patients with TB disease early to decrease transmission
to others; and (ii) to use tuberculin skin test to investigate
contacts of TB cases and treat those individuals for TB disease
or latent TB infection. Both priorities focus on interrupting
ongoing community TB transmission. Our molecular epidemi-
ology study shows that in our region the decrease in the inci-
dence of TB can be explained predominantly as a result of a
decline in recent transmission, particularly in men and those
aged less than 35 years. Furthermore, we observed important
qualitative changes in the patterns of recent transmission.
Firstly, the decrease of patients in clusters that occurred dur-
ing the two periods was mainly due to the decrease in large
clusters (‡6 patients). This result would indicate that there are
not prevalent strains spreading among the population, and that
chains of transmission were stopped early, resulting in less
cases in large clusters. Secondly, we found that the TB dynam-
ics among the Spanish and foreign-born populations also have
changed during the study period. This statement is based on
the fact that the percentage of TB cases in mixed clusters and
multinational clusters decreased signiﬁcantly when comparing
both periods. Probably, this pattern of transmission is becom-
ing more similar to other European countries where the phe-
nomenon of immigration was more stable over time [2,3].
Our study also highlighted that HIV infection, injection
drug use and homelessness are still factors that contribute
to TB transmission in Madrid [8,9]. It is still necessary to
intensify the measures for TB control in these particular
groups and the places where TB transmission occurs.
With regard to the foreign-born population, we found
that recent transmission was much less likely in this group.
However, the TB case rates in foreign-born patients are
much higher than among Spanish-born people. Most of these
patients (75%) had migrated to Spain from ﬁve countries
with a high incidence of TB. Among them, Morocco and
Romania are also at the top of countries with more immi-
grants residing in the European Union (http://europa.eu/
rapid/pressReleasesAction.do?reference=STAT/09/184&type=
HTML). However, unlike other European countries, Spain is
a receptor of immigrants from Ecuador, Peru and Bolivia. As
the percentage of reported TB cases among foreign-born
people continues to grow, the control of TB in Madrid will
depend increasingly on TB case ﬁndings, tracing the contacts,
and screening people at high risk of infection among this
population [2,3]. However, although testing for latent TB
infection among foreign-born individuals is recommended,
this policy is difﬁcult to implement [19]. Probably, a more
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cost-effective strategy would be to provide substantial and
sustained funding for supporting and reinforcing the TB con-
trol programmes in these countries with high incidence of
TB [21,22].
Our molecular epidemiology study detects signiﬁcant dif-
ferences between two consecutive periods, and provides
clues to interpret the decrease in the incidence of TB in a
context of steady increase of immigration. We believe that it
is important to maintain the population-based molecular and
epidemiological studies to identify changes in the TB trans-
mission patterns, which should be considered to assure the
efﬁciency of the TB control programmes.
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